Invasive placenta, often involving placenta accreta, placenta increta, and placenta percreta, is a life-threatening complication of pregnancy characterized by invasion of placental villi into the underlying myometrium. Invasive placenta is usually diagnosed as a result of abnormalities encountered during removal of the placenta at delivery. Because of profuse hemorrhaging in the early postpartum period, blood transfusion or emergency hysterectomy is often required in patients with invasive placenta. Invasive placenta is also associated with high maternal morbidity and a high risk of mortality. Therefore, prenatal prediction of this disease would be of great clinical benefit.
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Recently, Lo et al.
(1 ) discovered the presence of fetal DNA in maternal plasma. They developed a real-time quantitative PCR assay with which to measure the concentration of fetal DNA within maternal plasma. In addition, they analyzed the Y-chromosome-specific SRY sequence to quantify the number of genome equivalents per milliliter of plasma in women carrying male fetuses (2 ) . Although cell-free fetal DNA is reported to increase in maternal plasma in cases of preterm delivery (3 ), preeclampsia (4, 5 ) , and pregnancy with a trisomy 21 fetus (6 ), it is unclear where this fetal DNA originates. In the present study, we hypothesized that trophoblasts might be destroyed by the maternal immune system after invasion of the uterine muscle in patients with invasive placenta. This might indicate that increased concentrations of fetal DNA are found within the plasma of these patients. Thus, for the retrospective trial, we measured the concentration of cell-free fetal DNA in maternal plasma.
Maternal blood samples were obtained from 20 pregnant women after written informed consent was received. Because placenta previa is a risk factor for invasive placenta, seven pregnant women with placenta previa bearing male fetuses were studied (median period of gestation, 34.0 weeks; range, 31-35 weeks). Women in the placenta previa group did not have vaginal bleeding or any symptoms of preeclampsia or preterm labor, but two cases had a history of uterine curettage. For the controls, 13 pregnant women who were also carrying male fetuses and did not have a history of uterine surgery, including cesarean section and/or uterine curettage, were studied (median period of gestation, 33.0 weeks; range, 31-36 weeks). They did not have any complications, including preeclampsia or preterm delivery, and their gestational ages were matched with those of the placenta previa group. This study was performed prospectively. Approval for this study was obtained from the ethics committee of the Showa University School of Medicine.
Maternal plasma was separated from 10 mL of maternal blood, and DNA extraction was performed with a QIAamp Blood Mini Kit (Qiagen). Subsequently, quantitative PCR of a Y-chromosome-specific DYS14 sequence was performed on maternal plasma with a LightCycler (Roche Diagnostics) as described previously (7 ) .
In this study, two women developed invasive placenta. One had placenta accreta, which was complicated with placenta previa and was clinically diagnosed at cesarean section. The other patient belonged to the control group and was diagnosed with placenta increta. In this patient, we were unable to remove a small part of the placenta after vaginal delivery, and placenta increta was diagnosed by magnetic resonance imaging. Statistical analysis was performed with Stat View software (Ver. 5.0; SAS Institute, Inc.).
The fetal DNA concentrations of patients in the control and placenta previa groups are shown in Fig. 1 . Excluding data pertaining to the two patients with invasive placenta (one from each group), median fetal DNA concentrations for the control and placenta previa groups were 184.2 (range, 126.0 -398.0) genome-equivalents/mL and 294.3 (range, 191.8 -484.0) genome-equivalents/mL, respectively. A significantly higher concentration of fetal DNA was observed in the maternal plasma of the placenta previa group compared with the control group (P ϭ 0.015, Mann-Whitney U-test). With regard to the two cases involving placenta accreta and placenta increta, fetal DNA concentrations were 609.6 and 582.0 genome-equivalents/mL, respectively.
Previous reports have documented the ability to predict invasive placenta with the use of gray-scale ultrasonography, color Doppler imaging (8 ) , and magnetic resonance imaging. It has also been reported that an increased concentration of creatine kinase (9 ) or ␣-fetoprotein (10 ) in maternal serum is a biochemical marker of the disease. However, abnormal adherence of the placenta to the uterine wall is rarely diagnosed antepartum. In the present study, we demonstrated that the concentration of fetal DNA within maternal plasma is increased in cases of placenta previa, especially in patients with invasive placenta. We believe that invasion of trophoblasts into uterine muscle in these patients led to increased concentrations of cell-free fetal DNA within maternal plasma. Because the concentration of fetal DNA was high in the plasma of women with invasive placenta, antenatal diagnosis might be achieved through analysis of fetal DNA concentrations within maternal plasma. Placenta previa and a previous history of uterine surgery, including cesarean delivery, are considered risk factors for invasive placenta. In women who have these risk factors, fetal DNA quantification would be especially useful in the detection of invasive placenta.
Although we observed an increase in the plasma fetal DNA concentrations of women with placenta previa, the reason for this is unclear. However, the presence of thin and dysfunctional decidua at the lower segment of the uterus might be related to this increase.
In conclusion, we report here that fetal DNA is increased in the maternal plasma of patients with invasive placenta. We propose that the concentration of fetal DNA within maternal plasma might be a useful marker by which to arrive at an antepartum diagnosis of invasive placenta. Congenital adrenal hyperplasia (CAH), a disorder caused by a deficiency of the 21-hydroxylase enzyme, is the most common inborn error of the adrenal steroid pathways. Early diagnosis of CAH can be lifesaving, and screening for CAH in newborns by measuring 17␣-hydroxyprogesterone (17OHP) or other steroids has become a routine part of many programs (1, 2 ) . These steroid hormones have been measured by fluorometry (3, 4 ) , immunoassay (5) (6) (7) (8) , and HPLC (4, 9, 10 ) . Most methods are affected by interferences or cross-reactivity with other steroids. Currently, neonatal screening and monitoring for CAH use immunoassays (3, 4 ) . This approach, although practical, lacks specificity because cross-reacting congeners are inseparable from 17OHP in the direct assay (4, (11) (12) (13) .
Monitoring of Congenital Adrenal
Electrospray ionization (ESI) has become an important method for the generation of gas-phase ions from biomolecules for mass spectrometric analysis, but the low proton affinity of natural steroids compromises their measurement by ESI. To improve sensitivity, we have derivatized steroids to form a covalent bond containing a permanent positively charged nitrogen atom. The carbonyl compound 17OHP was derivatized with a quaternary ammonium salt, Girard reagent P (GirP), to form water-soluble hydrazones with a permanently charged pyridine moiety. This derivative was selected for its introduction of a positive charge into the molecule of ketosteroid 17OHP and for the ease of its synthesis (14 ).
The purpose of this study was to evaluate the applicability of liquid chromatography-tandem mass spectrometry (LC-MS/MS) to clinical analysis of 17OHP in dried filter-paper blood samples from patients with CAH caused by 21-hydroxylase deficiency. Although others have proposed the detection of several corticosteroids by LC-MS/MS (15-18 ), large blood or urea sample volumes were needed, and published results of clinical LC-MS/MS analysis of steroids in whole blood are lacking.
Glacial acetic acid, 17OHP, 6␣-methylprednisolone (6MP), GirP, and related compounds were purchased from Sigma. HPLC-grade methanol and acetonitrile were obtained from LAB-SCAN Analytical Science (Labscan Ltd.). Blank human whole-blood samples were obtained from China Medical College Hospital (Taichung, Taiwan).
Standardized filter-paper forms (Standardized S&S 903 filter paper; Schleicher & Schuell) impregnated with whole capillary blood from CAH patients or 2-to 5-dayold infants were collected from the Department of Genetics, China Medical College Hospital (Taichung, Taiwan).
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